AbstrAct: Although previously proposed that chronic scleroderma should be cared for clinically and early rehabilitation should be performed in hospital by a chest physical therapist, little evidence is currently available on its benefits. Therefore, this study demonstrated the benefits of short-term pulmonary rehabilitation during hospitalization in a female patient with chronic scleroderma. The aim of rehabilitation was to improve ventilation and gas exchange by using airway clearance, chest mobilization, and breathing-relearning techniques, including strengthening the respiratory system and the muscles of the limbs by using the BreathMax® device and elastic bands. Gross motor function and activities of daily life were regained by balancing, sitting, and standing practices. Data on minimal chest expansion, high dyspnea, high respiratory rate, and low maximal inspiratory mouth pressure were recorded seven days before rehabilitation or at the baseline period. But there was a clinically significant improvement in dyspnea, chest expansion, maximal inspiratory mouth pressure, and respiratory rate, when compared to baseline data, which were recorded by a chest physical therapist during seven days of rehabilitation. Furthermore, physicians decided to stop using a mechanical ventilator, and improvement in functional capacity was noted. Therefore, in the case of chronic and stable scleroderma, short-term rehabilitation during hospitalization for chest physical therapy possibly shows clinical benefits by improving both pulmonary function and physical performance.
Introduction
Scleroderma is a chronic multisystem disease, and it is randomly present in population worldwide. 1 It mainly affects the microvascular system and connective tissue, causing alternations in the skin (scleroderma) and the internal organs 2 such as the heart, gastrointestinal tract, kidneys, and lungs, with fibrotic and vascular deposition. 3 The clinical features of scleroderma include significant changes in the skin such as hyperpigmentation or hypopigmentation, similar to Raynaud's phenomenon and hard end-feel, as well as multiple digital ulcers, shortened tips of all fingers, keratosis, and abnormalities in peripheral circulation and sensation. 4 Evidence from the previous study on distinguishable complications in 117 patients with systemic sclerosis showed bacterial aspiration, pneumonia, and opportunistic infection in various organs. 5 Despite poor prognosis, early diagnosis with aggressive treatment will possibly increase survival rate. Major problems arise due to skin contracture or muscle shortening in all extremities and the thoracic chest wall. Therefore, progressive generalized scleroderma induces shortness of breath, ineffective coughing, and respiratory failure 6 because of respiratory muscle weakness and subcutaneous chest wall stiffness. 2, 7 Incidentally, the main causes of death are upper airway obstruction with excessive secretion, 8, 9 pulmonary hypertension, hypoxemia, and acute respiratory failure. 10, 11 In addition, complicated pulmonary disorder affects exercise capacity 12 and physical function directly because of low aerobic capacity and musculoskeletal disorder. 13 In the case of scleroderma, admittance into the intensive care unit (ICU) and the prolonged use of a mechanical ventilator, due to respiratory failure, cause significant weakness of the respiratory muscles not only due to pathology but also due to prolonged bed rest in the ICU. Previous evidence has proved that prolonged stay in an ICU (7.7 ± 3.7 days) and need for a mechanical ventilator (4.6 ± 2.5 days) result in a decrease in respiratory muscle strength by approximately 12%.
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clearance capacities. 15 Therefore, it can be concluded from the aforementioned overview that many problems in patients depending on a mechanical ventilator in the ICU are due to shortness of breath, dyspnea, retained secretion, respiratory muscle weakness, insufficient secretion clearance, inability to wean from a mechanical ventilator due to ventilation-oxygenation impairment, general muscle weakness, and loss of activities of daily life (ADLs). Therefore, short-term pulmonary rehabilitation is very important for regaining overall good health, dur ing either an acute phase in the ICU or a recovery period before being discharged. 16 The goals of the chest physical therapist regarding rehabilitation have been proposed and standardized by the cardiovascular and essential pulmonary guidelines of 2001 from the American Physical Therapy Association. 17 Improvement of ventilation via gas exchange; reduction of effort and control in breathing; improvement in coughing patterns, including increased respiratory rate and limb muscle strength; and improvement of functional capacity in terms of both gross motor function and ADL related to quality of life are considered as final outcomes before being discharged. 17 In addition, a previous report suggested that the role of physical therapy (PT) and coming off a mechanical ventilator, during the critical period of recovering physical and respiratory functions, prevent the effects of bed rest and improve health status. Integrated programs that deal with both whole-body PT and pulmonary care are needed to manage these patients, but scientific evidence offers limited support for them. 18 Previous evidence showed that the general hospitalized program suggests various techniques such as postural drainage (PD), vibrations, and deep breathing exercises with incentive spirometry and an oscillating positive expiratory pressure device to remove secretion. 19 The effects of previously positive endotracheal suction, mobilization, and adjusted position by a chest physical therapist, who visited 146 ICU patients 24 hours daily, reduced the time on a mechanical ventilator and prevented recurrent respiratory infection. 16 Moreover, a report by Clini and Ambrosino 20 summarized that most of the interventions applied such as mobilization (posture, passive/active limb exercise, and continuous rotational therapy), manual therapy (manual hyperinflation, percussion, and vibration), and muscle exercise training (respiratory and peripheral muscles) should be performed in the ICU, but their research lacked the study on long-term outcomes. This study treated a female patient with postrespiratory failure due to severe scleroderma, and physicians decided to stop using mechanical ventilation to prevent pulmonary complications and prepare the patient for discharge with the least chance of chronic scleroderma. These results showed the benefits of short-term rehabilitation by a visiting chest physical therapist, which can be possibly applied to future scleroderma cases.
Materials and Methods
experimental design and case characteristics. The data on all parameters at the baseline period or seven days before and during seven days of short-term rehabilitation by a chest physical therapist were collected and presented with a singlecase research design and an A-B pattern, or comparison between observation (A) and intervention (B) periods. All data from this study were agreed upon, as informed consent was obtained from the patient during rehabilitation and before any publication. Seven points of mean, either at baseline or during rehabilitation periods of chest physical therapy (CPT), were plotted on visual line graphs, as well as a mean line. The trend line from baseline or the observation period was presented on graphs. Autocorrelations of each period were also calculated and shown on a graph. Finally, indication of clinically significant improvement during seven days of rehabilitation was analyzed, with the trend line compared to the baseline by using the protocol of a single-case study research design model. 21 An alert 45-year-old Thai female patient was admitted to Maharaj Nakorn Chiang Mai Hospital, Chiang Mai University, Thailand, and diagnosed with diffused scleroderma with respiratory failure. She was referred ethically to a chest physical therapist by a medical physician, due to her inability to stop using a mechanical ventilator and her total dependence on full support during physical ambulation within the ward. History of the patient showed impairment in terms of inactive neurological problems of right thalamic hemorrhage accompanied by left spastic hemiparesis and hypertension with hypertensive retinopathy since 2006, but all of these problems had been resolved or stabilized. A basic examination by a physician showed abnormalities on the skin, including thickening on the face, chest wall, and elbow regions. An echocardiogram (ECHO) showed normal cardiovascular function, no murmur, and regular pulse, but there was mild atrial fibrillation and pulmonary hypertension with 50% of ejection fraction. Due to previous respiratory failure and unsuccessful spontaneous breath for three weeks in the ICU, support was necessary from a mechanical ventilator via tracheostomy tube under controlled mandatory ventilation (CMV) mode [TV = 3.5 mL, Ti = 0.2, FiO 2 = 0.45, respiratory rate (RR) = 18 bpm, positive end expiratory pressure (PEEP) = 5 cmH 2 O], alternated with a continuous positive airway pressure (CPAP) mode (PS = 25 cmH 2 O, FiO 2 = 0.45). Previous results of a threeday arterial blood gas (ABG) investigation showed impairment with hypoventilation (PaCO 2 = 52.0 ± 1.4 mmHg), mild hypoxemia (PaO 2 = 75.2 ± 2.2 mmHg), and slight respiratory acidosis (pH = 7.30 ± 2.5). Moreover, other laboratory tests showed anemia (Hb = 8.5 g/dL and Hct = 28.5%) and low protein (total protein = 4.9 g/dL and albumin = 2.0 g/dL), whereas no microbial growth was seen in the sputum, with liver function being normal (Table 1) . Chest radiography (CXR) prior to the rehabilitation program ( rehabilitation program and assessment. The CPT program carried out rehabilitation for approximately 1-2 hours per visit at 9 a.m. and 2 p.m. All parameters were assessed during a 7-day baseline period, such as chest wall expansion at the middle lobe (at the nipple level) by chest caliper (Martin Breadth Caliper), dyspnea score by visual chart (on a 0-10 scale; Borg scale), and maximal inspiratory mouth pressure (PImax) by an NIF kit™ (Smiths Medical Asd, Inc). Furthermore, through lung auscultation, breath sound and air entry into the lower lungs were found to be decreased, including fine crepitation or crackle on both lower lungs, especially on the right side. Musculoskeletal evaluation showed moderate muscle power of grade 3 in all extremities with regard to the range of motion in both shoulder joints at flexion and abduction and trunk lateral flexion and rotation while the patient suffered from scleroderma. Finally, bed mobility and gross motor function were evaluated by bed transfer, lying to sitting and sitting to standing positions, and walking while depending on full support.
Goals of rehabilitation. All rehabilitation programs were performed by an expert physical therapist, who had more than 15 years of experience in cardiopulmonary rehabilitation in a hospital, and a legal PT license was approved by the Physical Therapy Council of Thailand.
The short-term goals for CPT were improvement of (1) ventilation and gas exchange, (2) chest mobility and breathing work, (3) strength of respiratory muscles and limbs, and (4) functional ability and gross motor function within one week. The desired outcomes of rehabilitation were an end to the use of a mechanical ventilator and independence in carrying out ADL. 22 The treatment program was carried out according to the goals and problems list, ie, improvement of pulmonary ventilation and gas exchange performed by modified PD positions for 10-15 minutes, percussion, and suction until both lower basal lungs were cleared of secretion. Modified PD positions were set because the CXR film presented infiltration in both basal lungs, and the positions consisted of head bent down by 40°, lying sideways on the midline, and leaning forward or backward. 23 Synchronized manual percussion and interval vibration were performed for 5-10 minutes per segmental position, with lower costal breathing, huffing, or coughing being practiced in a serial manner that was essentially similar to the active cycle of breathing techniques. 24 Suction was carried out in the tracheostomy tube to clear secretion. The total time for clearing the airway was approximately 20-30 minutes. The procedure for improving chest wall flexibility and breathing work was performed using chest mobilization techniques that comprised trunk rotation, lateral flexion, flexion and extension, and sternum flexibility in the sitting position 25 for 10 repeated turns of each pattern. After that, lower costal breathing and the diaphragmatic breathing were stimulated by exercise for approximately 10-20 minutes to improve the breathing pattern.
Improving the strength of the respiratory muscle was performed using a BreathMax® device. 26 With the PImax score being 3.5 cmH 2 O before intervention, the resistant threshold was set by dipping the end of the BreathMax® device tube underwater at 2.0, 2.0, 2.5, 2.5, 3.0, 3.0, and 3.5 cmH 2 O consecutively. The BreathMax® device controlled the bubble sound slowly during inspiration, preferably performed 10 times, depending on when a comfortable RR was attained. Strengthening the respiratory muscle was enhanced by upper limb exercises using yellow elastic bands (Smart Med®) in a sitting position on a bed. Each pattern was performed repeatedly 10 times, with two sessions in the morning and two in the evening. However, the lower limb gained the desired strength by using the elastic bands in a sitting position. Finally, the improvement of functional ability and gross function was achieved by carrying out strengthening exercises on the lower limbs and training for balance during sitting, standing, and walking with a rolling walker. 27 There was the utmost concern for overloading work while performing all the treatments. If the level of SatO 2 percentage dropped to less than 95 and dyspnea score from 10 to 5 and the hemodynamic demonstrated significant changes 28 such as more tachypnea and accessory muscle use, decreased heart rate or blood pressure, or change in consciousness, O 2 supplementation via the tracheostomy tube was conducted at 5 Lpm, using an inflated manual resuscitating bag.
clinically significant analysis. This study was a singlecase research design model; therefore, the mean of each parameter such as that of dyspnea, RR, chest expansion, PImax, and trend line in the baseline period was drawn on a graph. The clinical benefits of rehabilitation were analyzed statistically by using the Bloom table.
results
Before rehabilitation using sternocleidomastoid on a mechanical ventilator, the patient in this study was found to have dominant symptoms of shortness of breath or severe dyspnea (a mean of 5.85 ± 0.69; Fig. 2 ) and tachypnea (RR at 30 ± 1.68 bpm; Fig. 3 ), as well as minimal chest expansion (0.93 ± 0.34 cm; Fig. 4 ) and respiratory muscle strength (PImax = 3.14 ± 0.69 cmH 2 O; Fig. 5 ).
The CPT program showed benefit after 7 days by reducing the dyspnea score (Fig. 2 ) from 5.85 ± 0.69 to 3.85 ± 0.89, as it presented an increasing trend of clinically significant reduction during the CPT period, when all 7 points were below the trend line. This indicated that the reduction of dyspnea score was due to statistical clinical improvement. The analysis of serial dependency or autocorrelation in both periods (baseline and CPT) clearly showed that all of the parameters were not significant; therefore, the benefit presented was directly due to the treatment and not due to disease progression. The RR showed a significant reduction (Fig. 3) . The result showed tachypnea (30 ± 1.68 bpm) and no serial dependency (r = −0.25) during the observation period, while these parameters showed a decreased trend with lower mean (25.5 ± 3.3 bpm) during the CPT period. When analyzing clinical change in the Bloom table, the trend line was seen as 6-7 points below than in the observation period (.90%); therefore, decreasing RR was presented according to the clinical statistics, and the different data were not found to relate to each other (ie, no autocorrelation).
The data on chest expansion during CPT intervention moved higher ( Fig. 4; 2.64 ± 0.74 cm) than the aforementioned trend line during the observation period. This clea rly demonstrates a signif icant clinical improvement. When the serial dependency or autocorrelation had been analyzed (r = 0.54) as nonsignif icant, the increase in mean values dur ing CPT was evident from the CPT program.
Finally, the result was obtained regarding strength of the respiratory muscles (Fig. 5 ) when using BreathMax® and elastic bands. The results of this study showed higher PImax (10.71 ± 5.99 cmH 2 O) when compared to that in the observation period (3.14 ± 0.69 cmH 2 O). During CPT, PImax data showed a trend that significantly inclined without autocorrelation (r = 0.54).
Furthermore, CPT intervention for seven days could enable the patient to stop using the mechanical ventilator and put spontaneous breathing into effect via a T-piece with O 2 flow at 4 Lpm, without the use of any accessory muscle. Although CXR film showed no clinical change in either infiltration or lung volume after seven days of CPT (Fig. 1B) , ABG results showed improvement in oxygenation (PaO 2 = 85 ± 3.0 mmHg) and ventilation (PaCO 2 = 40.0 ± 2.3 mmHg and % SatO 2 = 98% ± 2%). In addition, the PaO 2 /FiO 2 ratio changed from 177 in the observation period to 274 at the end of therapy ( Table 1 ). The hematology laboratory showed an improvement in Hb (12.6 mg/dL) and Hct (35.4%), whereas some electrolytes such as sodium, potassium, and chorine or albumin were lower than that in the observation period. Functional ability improved from requiring full support during sitting, standing, and walking at bedside for short periods of only 2 minutes to dependent sitting and standing, and partial ability for longer walking duration (5-10 minutes), with a walker via O 2 flow at 4 Lpm. The results were consistent with muscle power improvement from 3 to 4, and the motion of the shoulder joints was within normal range.
discussion
Scleroderma is a chronic systematic disease involving pulmonary function and relating to respiratory failure, including fatigue Respiratory rate (bpm) Figure 3 . rr after seven days at baseline (left) and during seven days of rehabilitation by Cpt (right). it was evident from the Bloom table that six points from all of those during rehabilitation by Cpt were under the trend line from the baseline period, thus indicating a clinically significant change. of the general muscles of upper and lower limbs. 3 Prolonged mechanical ventilation with positive pressure affects the elasticity of the chest wall and thoracic movement directly and causes overinflation of the alveolar within the lung. 29, 30 Thus, prolonged support from mechanical ventilators directly relates to the respiratory muscle weakness. In addition, commonly found complications in the respiratory system are mucus secretion or retention, poor ventilation or hypoventilation, difficulty in breathing or dyspnea, low exercise tolerance, and poor quality of life. 31 Laboratory data found pulmonary impairment, especially in ABG results: respiratory acidosis (pH = 7.30), mild hypoxemia (PaO 2 = 74 mmHg), and hypoventilation (PaCO 2 = 52 mmHg), including the PaO 2 /FiO 2 ratio of 177, which indicated lung injury or impaired gas diffusion (Table 1) . Thus, the ventilator mode was set with a higher oxygen concentration (FiO 2 = 0.45) by a pulmonary physician and supported with PEEP (5 cmH 2 O) for better peripheral alveolar ventilation and oxygenation. Moreover, the hematology test showed low values of Hb (8.5 mg/dL) and Hct (28.5%), which possibly reflect impairment in oxygen-carrying capacity. This finding is the same as that obtained in the CXR investigation, which showed general infiltration in both lower lung fields (Fig. 1A) . Therefore, the challenging problems within the lung may be either retained secretion or fibrosis. The investigation discussed earlier presents the pulmonary impairment of ventilation, oxygenation, aerobic capacity, and carrying capacity, which influence functional capacity in both breathing ability and general activities. Fortunately, the case in this study did not show severe impairment of the cardiovascular system, as ECHO screening found no murmur, regular pulse and 50% of ejection fraction, mild aortic valve, and tricuspid valve regurgitation. Nevertheless, evidence of the efficacy of hospitalized rehabilitation with CPT has been reported rarely, ie, whether benefits of CPT during the post-ICU period or recovery stage can be promoted. 19 Previous reports that CPT is very important for all patients for secretion clearance, breathing exercise, chest mobilization, cough training, and respiratory muscle training or exercise and to prepare for ceasing use of a mechanical ventilator. 9, 31 A previous study showed the advantages of CPT for patients in both acute and chronic stages of pulmonary disease, 32 as they help them to stop dependency on a mechanical ventilator for removing secretion and increasing pulmonary ventilation. Furthermore, other techniques, such as general exercise training, peripheral and respiratory muscle training, airway clearance, and lung expansion training, have all been shown as beneficial. Original and previous study of the chest mobilization technique helped to improve chest expansion, reduce dyspnea, and improve the expired tidal volume in chronic obstructive pulmonary disease patients. 25 Original mobilization techniques have a flexible protocol and include rib mobilization, stretched intercostal muscles, thoracic extension, lateral flexion of the trunk, and rotation of vertebral segments. 33 The results in this case study also demonstrate improved chest expansion (Fig. 4 ) and decreased dyspnea level from 5.85 ± 0.69 to 3.85 ± 0.89 (Fig. 2) . The changes in these parameters can be explained as derived benefits, such as airway clearance and improvement in chest wall flexibility, which have direct effects on pulmonary ventilation. Respiratory muscle training is a main goal of rehabilitation while weaning a patient off a mechanical ventilator, and this training relates to RR adaptation of the patient. 34 The BreathMax® device is designed and produced commercially in Thailand, 26 and its benefits are claimed to increase respiratory muscle strength, remove secretion by bubbling oscillation, and increase humidity in the airway. A previous report showed that the benefit of inspiratory muscle training, as observed in a 79-year-old man after laparotomy, was the patient's ability to stop using a mechanical ventilator. 35 The results of this study confirmed those in a previous review, which proposed the role of CPT as helping patients to stop using or wean themselves off mechanical ventilators. 36 This study observed that during 7 days of CPT, RR decreased from 30 ± 1.68 bpm to 25.5 ± 3.3 bpm (Fig. 3) and PImax increased from 3.14 ± 0.69 cmH 2 O to 10.71 ± 5.99 cmH 2 O (Fig. 5 ). This presented better respiratory muscle strength, including reduced dyspnea and RR, which relates to relief of accessory muscle use while breathing. 34 In addition, diaphragm movement was observed physically, which related to increased thoracic wall flexibility and improved diaphragmatic muscle function. 37 In this study, upper limb exercises were designed in such a way that the major pectoralis muscle was targeted for strengthening. Previous evidence has suggested that upper limb exercise can help to bring about forced inspiration and expiration. 38 Thus, both the elastic band exercise and BreathMax® training possibly improve respiratory muscle strength. It was previously reported that an increased PImax indicates the consistent strength of respiratory muscles when relating to intubation in critically ill patients, who were weaned successfully from a mechanical ventilator. 39 Besides overall improvement of the pulmonary system, chest expansion, dyspnea, RR, and PImax showed clinically significant change during seven days of CPT rehabilitation. As a result, this analysis had a single-case research design model, and the mean values of all the parameters were found to be above or below the trend line from the baseline, and this was followed by statistical analysis of the protocol using the Bloom table. The changes in each parameter demonstrated no autocorrelation within seven days, which means that their improvement was directly from CPT intervention. However, the results showed nonclinical improvement on CXR film (Fig. 1B) , and findings from ABG investigation showed improvement in oxygenation, ventilation, and gas exchange. In addition, the mode of the ventilator was changed from CMV/CPAP to T-piece (Table 1) . Regarding the results of functional ability, improvement in walking with less dyspnea was observed, as well as muscle power being found to improve from 3 to 4 during the seven-day rehabilitation period. However, the exercise program in this study was cautious about overexertion during exercise and, therefore, followed the guidelines of the American College of Sport Medicine (ACSM) 28 in patients with dyspnea scores from 5 to 10, severe muscle fatigue or pain, headache, blurred vision, changes in significant vital signs (systolic blood pressure of over 250 mmHg and diastolic blood pressure of over 115 mmHg), and a percentage of oxygen saturation of less than 90%. Although this study was performed on a single patient, the results indicated that pulmonary rehabilitation by CPT at the hospital stage is very challenging and should be adapted to the patient's condition, possibly under the supervision of a rehabilitation physician. The positive results of this study support findings from the previous work by Pitta et al. 40 Unfortunately, the patient in this study went missing after being discharged and no follow-up occurred; therefore, sustained and continued effects of rehabilitation could not be investigated in this case.
conclusion and Limitations
These results demonstrate the possible benefits of short-term pulmonary rehabilitation using CPT in hospital under a single-case research design, which can be applied in severe and stable cases of scleroderma. All programs, namely, airway clearance techniques, respiratory muscle training, general limb exercises, and functional training, should be applied during hospital stay or a critical period. However, the limitations of this study are the short-term period and single patient, thus, a randomized controlled trial study and longer treated period is need in the future to confirm these positive results.
